A CONSIDERABLE NUMBER of patients undergoing vascular surgery develop neurologic complications postoperatively, ranging from subtle cognitive changes to clinically evident confusion, delirium, and stroke. Delirium is a common complication after vascular surgery, with an incidence ranging from 29% to 42%. [1] [2] [3] [4] [5] Both short-and long-term outcomes are affected by development of delirium, including increased length of hospital stay, 6, 7 increased mortality, 6 and reduced long-term functional outcomes. 8 A significant cost implication also is associated with development of delirium. 6, 9, 10 Delirium is characterized by fluctuating disturbances of consciousness, attention, cognition, and perception that develop over a short period. The key diagnostic features are defined in the Diagnostic and Statistical Manual of Mental Disorders, fifth edition, text revision. 11 It is distinct from postoperative cognitive dysfunction (POCD), which lacks formal diagnostic criteria and describes a more persistent impairment of memory and thought process in the postoperative period.
12 It is also distinct from emergence delirium, which may occur immediately after general anesthesia (GA), usually resolves within hours, and often is seen in children.
Different diagnostic tools are available for identifying delirium after cardiovascular surgery. Previously described validated tools include the intensive care delirium screening checklist, 13 confusion assessment method for intensive care unit (CAM-ICU), 14,15 the NEECHAM scores, [16] [17] [18] and a chartbased instrument for delirium. 19 The current study used the NEECHAM scores as a tool to diagnose postoperative delirium.
The contribution of GA as an independent risk factor for the development of postoperative delirium remains unclear. Several nonrandomized studies of patients undergoing noncardiac surgery failed to show higher incidence of delirium in patients who received GA compared with those who proceeded under regional anesthesia (RA). 20, 21 Two literature reviews of available randomized controlled trials (RCTs) concluded that there was no difference in rates of delirium between GA and RA. 22, 23 Bryson et al 22 identified 8 trials addressing postoperative delirium. Unfortunately, the delirium was referred to as "confusion" in most of these studies. Furthermore, only 1 out of 8 studies addressed the vascular surgical patient population. In their systematic review of the RCTs, Mason et al 23 identified 3 trials that used validated tools to assess delirium. However, these studies addressed only orthopedic and general surgery patient populations.
Although the terms are not interchangeable, other studies have looked at the impact of anesthetic technique on postoperative cognitive dysfunction and once again failed to show a difference. [24] [25] [26] In the vascular surgery literature, Cook et al randomized patients undergoing lower limb revascularization to either GA or spinal anesthesia. There was no difference seen in the incidence of postoperative confusion, although again this is not synonymous with delirium.
27 Large data registry reviews for patients undergoing endovascular aneurysm repair (EVAR) found that GA was associated with higher postoperative morbidity and longer hospital stay even though patients receiving GA were relatively healthier, although delirium was not specifically studied. 28, 29 This retrospective study investigated the association between general, regional, and local anesthetic techniques with respect to the development of delirium after vascular surgery. The author hypothesized that patients undergoing GA would have a higher incidence of postoperative delirium after vascular surgery. The role of LA with respect to postoperative delirium in vascular surgery patients previously has not been reported.
METHODS
After Institutional Ethics Review Board approval, a retrospective review of the perioperative anesthesia and vascular surgery database was conducted on all patients undergoing vascular surgery at Toronto General Hospital from June 2006 to December 2007. The current study built on previous publication 19 but explored the different types of anesthesia in a larger patient population expanded over an 18-month period. Exclusion criteria included patients with preoperative dementia or abnormal level of consciousness, patients undergoing open abdominal aneurysm (AAA) repair surgery, and patients undergoing carotid endarterectomy. Elective and emergency cases were included, with surgery including amputations, peripheral revascularization, and EVAR procedures. Demographic data, including age, gender, medical history, preoperative medication, and the type and urgency of surgery, were collected. The database was analyzed by two independent research associates who had been trained in analyzing large databases with respect to detecting perioperative delirium in the hospital setting.
Perioperative anesthesia management and surgical techniques were according to standard institutional practice. Patients were divided into GA, RA, and LA groups based on the chosen anesthetic technique. GA for vascular surgery patients in this institution typically includes 0.025 to 0.05 mg/kg of midazolam, 1 to 3 μg/kg of fentanyl, 0.5 mg/kg of rocuronium, sevoflurane 1-2%, and 0.01 to 0.04 mg/kg of hydromorphone. RA was defined as spinal, epidural, sciatic, or ankle nerve blockade. In the LA group, local anesthetics were infiltrated by the surgeons. Conscious sedation was provided to patients in both the RA and LA groups. The medications used included increments of fentanyl, 10 to 25 μg, or remifentanil, 0.025 to 0.1 μg/kg/min infusion, and/or a total dose of midazolam ranging from 0.5 to 5 mg. In patients older than 70 years, administration of midazolam was limited to a maximum dose of 2 to 3 mg.
Postoperative delirium was assessed using the NEECHAM confusion scale, 30 which was a part of the standard patient evaluation after vascular surgery. The scale has 9 items separated into 3 categories that include evaluation of the patient's ability to process information, a behavioral assessment, and assessment of physiologic control. A total score out of 30 is calculated, with 27 to 30 corresponding to normal, 25 to 26 indicating that the patient is at risk of confusion, 20 to 24 indicating mild confusion, and a score of less than 20 indicating moderate-to-severe confusion. Assessments were performed daily until discharge from the hospital. A patient with a NEECHAM score of less than 25 was considered to have delirium. The onset and duration of delirium were recorded.
Comparability 
RESULTS
A total of 1282 vascular surgical procedures were performed during the study period. The NEECHAM scores were available in 592 patients. The inclusion criteria were satisfied in 500 patients. A total of 396 (79%) patients received GA, 73 (15%) RA, and 31 (6%) LA. The type of procedures and the type of anesthesia employed are presented in Table 1 and Figure 1 , respectively. Regional anesthesia was composed of epidural anesthesia (n ¼ 18), spinal anesthesia (n ¼ 39), sciatic/femoral nerve blocks (n ¼ 12), and ankle blocks (n ¼ 4).
The overall incidence of delirium was 19.4%, and rates were similar among the 3 groups, with 73 (18.4%) patients in the GA group, 17 (23.2%) in the RA group, and 7 (22.5%) in the LA group (p ¼ 0.56). Demographic analysis revealed that patients in the LA group were more likely to be having emergency surgery (71% LA v 32% GA and 42% RA; p ¼ 0.01). This group also had a higher incidence of previous cerebrovascular accidents or transient ischemic attacks, although this was not significant (35% LA v 19% GA and 25% RA; p ¼ 0.08) ( Table 2) .
Patients with delirium were, on average, 5 years older (74 Ϯ 10 v 69 Ϯ12 years, p ¼ 0.0001). A total of 161 (32%) procedures were performed on an emergency basis. Delirium was present in 46 (28%) and 51 (15%) patients undergoing emergency and elective surgical interventions, respectively (p ¼ 0.0006). The NEECHAM scores were significantly lower in patients with delirium. Median scores were 21 [IQR 19, 24] and 28 IQR [27, 30] in patients with and without delirium, respectively (p o 0.00001). There were 28 (29%) and 76 (19%) patients receiving β-blockers preoperatively in the delirium and no-delirium groups, respectively (p ¼ 0.03). Similarly, 45 (46%) and 217 (54%) patients received statins in their respective groups (p ¼ 0.18).
There was no significant difference with respect to either onset or duration of delirium among the 3 groups (Table 3) . The median hospital length of stay was 13 (range, 2-232) and 7 (range, 2-152) days in patients with and without delirium, respectively (p o 0.00001). However, there was no difference in the length of hospital stay based on anesthetic technique: GA 8 days (range, 2-232), RA 9 days (range, 2-57), and LA 8 days (range, 2-57; p ¼ 0.59). In-hospital mortality also was similar among the 3 groups: GA 14 (3.5%), RA 2 (2.7%), and LA 1 (3.2%) patients, respectively (p ¼ 0.93).
DISCUSSION
This retrospective review is the first to examine the effect of anesthetic choice on development of delirium exclusively in the vascular surgery population. Other studies have examined the effects of anesthesia on POCD or other cognitive outcomes in vascular surgery without the strict definition of delirium. These findings were consistent with the current evidence across other surgical subspecialties, and once again the authors failed to establish a link between the type of anesthesia and the development of postoperative delirium.
The overall incidence of postoperative delirium was 19.4%, which was lower than previously reported in patients undergoing vascular surgery, although the study excluded patients undergoing open AAA repair, which previously has been shown to increase the incidence of delirium. 16, 19 The authors excluded patients undergoing open AAA repair because this operation is performed exclusively under GA. Preoperative cognitive impairment previously has been shown to be a risk factor for postoperative delirium 1, 3, 31, 32 and thus the authors excluded patients with dementia or abnormal level of consciousness. In this study, the subgroup of patients who had LA were more likely to have emergency surgery, a known risk factor for delirium in other surgical specialties. 32 These patients also had a trend toward a higher incidence of previous cerebrovascular accident, another risk factor for the development of postoperative delirium. Because the incidence of postoperative delirium was the same in all groups, it is still possible that LA may reduce the incidence of postoperative delirium; however, a larger study is required to confirm this hypothesis. In addition, the authors did not have a group of patients who had local anesthetic alone, without any additional sedative medication. A prospective study potentially could enroll this subgroup to see the effect of sedative medication on delirium. Depth of sedation recently has been shown to correlate with the incidence of delirium in hip fracture surgery, 33 and it likely translates to other surgical subspecialties as well. Sieber et al compared adults 4 65 years undergoing hip fracture repair using spinal with light propofol sedation (bispectral index 4 80) versus spinal with deep sedation (bispectral index 50) and showed a 50% decrease in postoperative delirium when light sedation was used (19% v 40%, p ¼ 0.02). 33 This study confirmed previous findings that patients who presented with delirium after surgery were older, were more likely to have emergency surgery, were receiving preoperative β-blockers, and had a significantly longer hospital length of stay.
The study had a few limitations. When conducting a retrospective review, the incidence of postoperative delirium may be underestimated despite using validated screening tools. The etiology of delirium is multifactorial. There are other potential confounding factors in the perioperative course that were not accounted for, such as episodes of hypoxia or hypotension, infection, postoperative pain, and the use of opioids. Furthermore, the authors excluded some subgroups of patients known to be at increased risk of delirium, such as those with preoperative dementia or abnormal levels of consciousness and patients undergoing open abdominal aortic aneurysm repair. Furthermore, the authors excluded patients undergoing carotid endarterectomy because of a very short hospital length of stay (these patients usually are discharged the day after surgery) and almost no incidence of delirium. Clearly, only a well-designed prospective study would be able to control for many of these confounding factors. However, it might be very problematic to design a randomized controlled trial to address the issue of different anesthetic techniques. The study would be limited to ANESTHESIA AND DELERIUM AFTER VASCULAR SURGERY the type of surgeries that could accommodate general, regional, or local anesthesia; hence, the large differences in the number of patients among the 3 groups in the current study.
A majority of patients in the RA and LA groups received midazolam and opioid analgesics. Although the amounts of midazolam and opioids were used to maintain conscious sedation, particularly in the elderly patients, it may have contributed to the higher rate of delirium in their respective groups. Lastly, the overall delirium rates may have been underestimated slightly by use of NEECHAM scores. However, the sensitivity and specificity of the NEECHAM scale were rather high-87% and 95%, respectively. In addition, the positive and negative predictive values were 79% and 97%, respectively. 34 The authors found that delirium rates after vascular surgery were similar with local, regional, or general anesthesia techniques. Based on the findings of this retrospective review, the presence of risk factors for the development of postoperative delirium should not influence the choice of the type of anesthesia.
